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A  QUANTITATIVE  STUDY  OP  CERTAIN 
FOOD  PRESERVATIVES. 


Historical  and  Theoretical. 

Germicides,  Bactericides,  Fungicides,  Antiseptics  or  Preservatives1. 

A  large  number  of  organic  and  inorganic  substances  will 
destroy  life  even  when  used  in  very  dilute  solutions.  Such 
substances,  when  regarded  from  the  standpoint  of  their  effect 
upon  man  and  animals,  are  grouped  under  the  general  head  of 
"poisons."    From  the  standpoint  of  their  effect  upon  micro- 
organisms, they  are  called  germicides,  fungicides,  antiseptics 
or  preservatives. 

The  term  germicide  implies  the  prevention  of  infection 
rather  than  the  actual  killing  of  the  organisms  after  infection. 
The  term  germicide  is  analogous  to  the  terms  bactericide  and 
fungicide.     The  terra  antiseptic  means  a  checking  of  the  growth 
without  necessarily  killing  all  the  micro-organisms.  Preservative 
is  used  in  much  the  same  way  as  antiseptic  except  that  it  usually 
applies  to  food  stuffs  while  the  term  antiseptic  usually  applies 
to  microbial  diseases.     There  is  no  sharp  line  of  demarcation 
between  any  of  the  terms. 
Action  on  the  Organism. 

The  action  of  these  so-called  poisons  upon  the  organism 
is  supposed  to  be  an  action  upon  the  protoplasm  of  the  cell 
itself.     Each  micro-organism  is  considered  as  having  a  definite 
number  of  molecular  groups,  some  or  all  of  which  contain  a 

(1)  Microbiology  -  Marshall,  pg.  173. 
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chemical  compound  which  can  react  with  N  molecules  of  the  poison 
WhenN disinfection  begins,  this  compound  will  start  to  react,  and 
although  it  is  capable  of  combining  with  N  molecules  of  the 
poison  when  the  action  is  complete,  it  is  evident  Lhat  this 
substance  will  react  initially  with  only  a  limited  number  of 
molecules,  thus  forming  various  compounds.     Hence,  during  the 
period  of  disinfection,  some  of  the  molecules  of  the  substance 
will  not  have  reacted  with  the  poison  at  all,  while  others  may 
have  united  with  one,  two,  or  more  up  to  N  molecules.     If  it  is 
assumed  that  when  this  substance  has  combined  with  more  than  a 
given  number  of  molecules  of  the  poison,  it  becomes  incapable  of 
performing  its  original  function  in  the  micro-organism,  then 
this  compound,  X,  plus  three  molecules  of  the  disinfectant  might 
be  able  to  function,  while  X  plus  four  molecules  would  not. 
The  process  of  disinfection  will  thus  proceed  gradually  until 
a  given  number  reaches  a  certain  percent  of  the  total  number 
existing  in  the  organism,  it  will  lose  its  vitality,  or  at  least 
cease  to  grow.     In  the  above,  it  has  been  assumed  that  only  one 
compound  capable  of  combining  with  the  poison  exists  in  the 
organism;  there  is,  however,  very  little  known  of  their  number 
or  composition1. 
Food  Preservatives2. 

The  pratice  of  preserving  perishable  food  stuffs  for  longer 
or  shorter  periods  is  not  new.     The  application  of  heat  and 
cold  are  old  family  methods  which  have  been  elaborated  upon  and 
improved  in  the  more  modern  methods  of  canning  and  cold  storage. 
The  drying  of  fish,  fruits,  and  meats,  either  in  the  sun  or  by 

(1)  Watson,  H.  E.  Jour.  Hyg.   (1908)  536 

(2)  Preservatives  and  Other  Chemicals  in  Food  -  Otto  Folin. 
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artificial  heat,  has  been  known  and  utilized  for  centuries  and 
probably  the  use  of  salt  is  nearly  if  not  quite,  as  old.     The  use 
of  sugar  either  with  or  without  the  addition  of  vinegar  and  var- 
ious spices  is  but  another  old  family  contrivance.     The  application 
of  creosote  from  the  smoke  of  incompletely  burned  wood  is  thought 
to  have  been  discovered  accidentally  by  an  attempt  to  use  artific- 
ial heat  in  drying.  All  of  these  methods,  or  at  least  variations 
of  the  same  principles  are  in  use  today  and  in  addition  we  now  use 
certain  manufactured  chemicals  in  the  preservation  of  our  perish- 
able food  materials, 
actors  Influencing  Disinfection. 

The  efficiency  of  a  disinfectant  depends  upon  several  factors, 
the  chief  ones  being  temperature,  moisture,  medium  for  growth,  and 
the  a^e  of  the  culture  used  for  inoculation.     Since  disinfection 
is  considered  a  chemical  process,  we  should  expect  that  an  increase 
in  temperature  would  increase  the  efficiency  of  the  agent,  and 
this  is  actually  true.    When  disinfection  is  carried  on  at  a 
temperature  above  the  optimum  temperature  for  the  micro-organisms, 
a  very  dilute  solution  of  the  disinfectant  will  have  an  effect 
equal  to  that  of  a  much  more  concentrated  solution  used  at  a  lower 
temperature.     Conversly,  the  solution  oi  a  disinfectant  may  be 
cooled  to  a  point  where  it  has  very  little  effect  upon  the  micro- 
organism.    Moisture  is  a  very  important  factor  in  disinfection. 
Dry  substances  have  very  little  action  upon  micro-organisms;  this 
has  been  shown  by  the  fact  that  an  alcohol  water  solution  is  much 
more  efficient  than  absolute  alcohol.     If  gases  are  used  in  disin- 
fection, moisture  is  absolutely  necessary.     Organisms  suspended  in 
water  or  salt  solutions  are  much  more  sensitive  to  the  action  of 
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disinfectants  than  when  the  disinfectant  is  added  to  a  culture 
of  the  food  materials.     The  age  of  the  culture  used  for 
inoculation  will  alter  the  resistance  of  the  organism,  the  older 
culture  "being  much  more  sensitive  unless  it  is  a  spore  forming 
organism,  in  that  case  the  reverse  is  true. 
Classification1. 

It  is  almost  impossible  to  classify  disinfectants,  and  even 
more  impossible  to  arrange  them  according  to  the  intensity  of 
their  action  since  this  varies  not  only  with  the  disinfectant 
but  also  with  the  type  of  organism.     The  following  general  classes 
might  be  given:  acids,  salts,  alcohols,  aldehydes,  essential 
oils,  oxidizing  and  reducing  agents.     The  strength  of  acids  and 
alkalis  (chemically  speaking)  depends  upon  the  degree  of  ionizat- 
ion.    The  power  as  a  disinfectant  follows  practically  the  same 
law,  hence  the  strongest  acids  are  in  general  the  strongest 
disinfectants.    With  metallic  salts  the  action  depends  almost 
entirely  upon  the  metal  in  solution  although  the  degree  of  ioniz- 
ation is  also  of  importance. 

Acids  are  found  commonly  in  nature.     Most  fruits  contain 
sufficient  acid  to  protect  them  against  bacterial  decomposition 
but  not  against  the  action  of  yeasts  and  molds. 

Many  of  the  metallic  salts  are  well  known  germicides.  One 
of  the  most  powerful  is  mercuric  chloride;  silver  nitrate,  zinc 
and  copper  sulphates  are  also  very  effective.     Salts,  except 
those  of  some  of  the  organic  acids,  are  not  used  commonly  as 
food  preservatives.     Copper  sulphate  is  used  because  of  the 
green  color  of  its  protein  complex  and  not  as  a  food  preservative. 

(1)    Marshall  -  Microbiology.  Pg.  175 
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Alcohols  are  used  very  commonly  although  the  efficiency 
of  ethyl  alcohol  is  usually  greatly  over  estimated.     Some  of  the 
higher  alcohols  have  a  stronger  germicidal  power. 

The  volatile  oils  of  some  of  the  spices  do  exert  a  certain 
preservative  action,  "but  the  efficiency  of  many  of  these,  like 
that  of  ethyl  alcohol  is  greatly  over  estimated.  Formaldehyde 
in  very  dilute  solutions  has  been  known  to  be  used  as  a  food 
preservative,  and  in  more  concentrated  solutions  is  a  very  powerfu 
disinfectant.     Of  the  oxidizing  agents,  ozone  and  hydrogen 
peroxide  are  most  commonly  used  as  food  preservatives.  Sulphurous 
acid  or  sulphites  are  among  the  most  common  reducing  agents  used. 
Food  Preservative  Defined. 

To  be  suitable  for  use  in  food  stuffs  a  preservative  is 
required  to  possess  the  following  characteristics: 

"1.     It  must  not,  under  any  reasonable  conditions,  injure 
the  health  of  the  consumer. 

2.  It  must  not  allow  the  utilization  of  unfit  raw 
materials . 

3.  It  must  not  make  possible  the  employment  of  careless 
or  imperfect  methods  of  manufacture. 

4.  It  must  be  non-irritant. 

5.  It  must  not  retard  the  action  of  the  digestive  ferments. 

6.  It  must  be  efficient  in  its  action. 

7.  It  must  have  no  tendency  to  decompose  in  the  body 
into  substances,  the  dose  of  which  is  smaller  than  its  own1." 

Although  there  is  some  doubt  as  to  whether  the  preservatives 
used  in  this  work,  measure  up  to  all  or  even  to  any  one  of  these 


(1)     Barnard,  H.  E.     Ghem  Eng.    12,  104. 
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requirements,  they  have  been  used  and  are  being  used  either  in 
the  actual  preservation  of  food  for  the  market,  or  in  the  pre- 
paration of  the  foods  for  the  market. 

Experimental . 

Object . 

The  object  of  this  study  was  to  determine  the  amounts  of 
various  food  preservatives  required  to  check  alcoholic  ferment- 
ation, and  also  to  inhibit  the  decomposition  of  food  stuffs 
due  to  molds . 

Preparation  of  Media. 

The  food  material  used  was  a  2%  dextrose  broth1.     At  first, 
we  aaded  to  10  c.c.  of  this  broth,   10  c.c.  of  distilled  water, 
minus  the  volume  of  the  preservative,  autoclaving  at  10  lbs.  for 
10  minutes  to  insure  complete  sterilization.     Later  we  found 
that  better  results  were  obtained  by  sterilizing  a  known  volume 
of  this  double  concentration  broth,  and  then  adding  sterile 
water  and  preservative  to  double  the  original  volume,  thus 
giving  the  standard  \%  dextrose  broth  as  a  culture  media. 

Method  of  Procedure*. 

After  the  addition  of  the  preservative,  the  tubes  were 
allowed  to  stand  for  a  short  time  before  inoculating  with  a  pure 
culture  of  Saccharorayces  cerevisiae3,  the  organism  used  to  produce 

(1)  Standard  broth  -  20  gms.  of  dextrose  and  6  gms.  of 
meat  extract  were  heated  on  a  water  bath  for  20  min.,   10  gms.  of 
dextrose  were  then  added,  the  broth  filtered,  tubed  ana  auto- 
claved  at  10  lbs.  for  10  min. 

(2)  Buchanan  -  Household  Bacteriology.  Pg.  100 

(3)  The  culture  of  Sacc.  cerevisiae  was  obtained  by  plating 
out  from  Fleishman's  yeast  and  isolating  a  pure  culture  of  the 
organism  on  a  dextrose  agar  slant. 
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alcoholic  f ermentc.tion,  and  of  the  green  mold,  Penicillium 
glaucum1.     The  cultures  were  used  from  three  to  five  days  after- 
transplanting  on  dextrose  agar  slents.     After  inoculation  the 
tubes  were  allowed  to  stand  at  room  temperature  for  a  period 
varying  from  four  to  eight  days.     The  time  varied  with  the  time 
required  to  produce  visible  results  in  the  check  tubes. 

Determinations  were  made  in  duplicate  and  always  accompanied 
by  duplicate  checks,  using  1C  c.c.  of  double  concentration  broth, 
adding  10  c.c.  of  sterile  water,  and  inoculating  with  the  specific 
organism.     The  tubes  showing  positive  gas  formation,  were  consid- 
ered to  have  undergone  alcoholic  fermentation,  and  in  case  of  no 
gas  formation,  agar  plates2 were  made  to  determine,  if  possible, 
the  point  at  which  the  organisms  were  killed.     In  the  same  way 
plates  were  made  from  the  tubes  shov/ing  no  visible  growth  of  mold, 
to  determine  the  concentration  of  the  preservative  required  to 
kill  the  mold.     These  plates  were  allowed  to  stand  at  room  tem- 
perature until  the  plates  made  from  the  check  tubes  showed 
positive  growth  of  the  organism  with  which  it  was  inoculated. 

(1)  The  culture  of  P. glaucum  was  obtained  by  evaporating 

a  known  volume  of  Wine  of  Cardui  to  a  thick  syrup,  making  up  to 
the  original  volume  with  distilled  water  and  allowing  this  to 
stand  until  a  growth  of  mold  was  obtained.     The  mold  was  then 
plated  out  and  a  puce  culture  isolated  on  dextrose  agar  slants. 
The  mold  was  identified  as  P.  glaucum.     Inoculations  into  the 
tubes  of  sterile  broth  were  made  by  means  of  a  platinum  wire. 

(2)  Agar  plates  were  made  by  inoculating  melted,  sterile  agar 
from  the  broth  tubes  and  pouring  the  agar  into  a  sterile  petri 
dish.     The  agar  was  prepared  by  adding  500  c.c.  of  water  to 

10  gms .  peptone  and  three  gms.  of  meat  extract,  heating  for  a 
few  minutes  on  the  water  bath,  adding  to  15  gms.  of  agar  in 
500  c.c.  of  water.     This  was  heated  on  the  water  bath  with 
10  gms.  of  egg  albumin  for  2  hrs . ,   10  gms.  of  dextrose  added, 
the  agar  filtered,  tubed,  and  autoclaved  at  15  lbs.  for  15 
minutes . 
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In  the  first  set  of  determinations,  absolute  alcohol  was 

used  with  the  following  results: 

Preservative  -  Ethyl  Alcohol,  %  by  volume. 

Organism  Sacc.  cerevisiae. 

Concentration  of  Gas  Formation.      Living  Organisms. 

Preservative,  in  % 
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Preservative  -  Ethyl  Alcohol. 


Organism  P.  glaueum. 

Concentration  Visible  Growth       Living  Organisms. 
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Because  of  the  '.vide  variations  in  the  results  obtained,  it 
was  thought  advisable  to  cover  the  mouths  of  the  tubes  with 
rubber  cans,  to  prevent,  as  far  as  possible,  the  loss  of  alcohol 
by  evaporation.     The  following  results  were  then  obtained. 

Preservative  -  Ethyl  Alcohol. 
Organism  -  Sacc.  cerivisiae. 
Concentration  in  %  Gas  Formation  Living  Organisms 
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Preservative  -  Ethyl  Alcohol. 
Organism    P.  glaucum 
Concentration  in  %  Visible  Growth       Living  Organisms 
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The  yeast  tubes,  Sacc.  cerivisiae,  used  for  inoculation, 
which  had  not  been  covered  with  rubber  caps,  showed  gas 
formation  through  a  concentration  of  \6%  alcohol,  and  living 
organisms  were  found  as  high  as  20'/l  alcohol;     on  covering  tubes 
with  rubber  caps,  the  results  were  much  more  uniform;  gas  formed 
through  a  concentration  of  1 \%  and  no  living  organisms  were 
found  above  \4%  alcohol. 

The  tubes  inoculated  with  P.  glaucum  and  which  had  not 
been  covered,  showed  a  visible  growth  of  mold  thru  Q%t  and  living 
organisms  were  found  as  high  as  15$;     in  the  tubes  which  had 
been  capped,  visible  growth  formed  thru  Q%,  and  no  living 
organisms  were  found  above 
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Preservative  -  Sodium  Salicylate1,  25>  solution. 
Organism  -  Sacc.  cerivisiae. 

Concentration         Gas  Formation  Living  Organisms. 
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(1)    Percentage  purity  of  sodium  salicylate  and  of  sodium 
benzoate  was  determined  by  dissolving  a  known  weight  of  the  salt 
in  water,  adding  an  excess  of  sulphuric  acid,  igniting  at  a  low 
wed  heat  in  a  platinum  crucible,  and  weighing  the  sodium 
sulphate  formed. 
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Preservative  -  Sodium  Salicylate,  -'V- 
Organism  -  P.  glaucum. 
Concentration  Visible  Growth  Living  Organisms. 
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Yeast  tubes  to  which  sodium  salicylate  had  been  adaed, 
showed  gas  formation  in  the  checks,  and  one  of  the  \f/>  tubes, 
although  plates  poured  from  the  tubes,  showed  that  a  concentration 
of  10,'  of  sodium  salicylate  was  necessary  to  kill  the  organism. 

Sodium  salicylate  seemed  mucin  more  efficient  as  a 
preservative  against  molds,  as  visible  growth  waa  obtained  through 
a  concentration  of  only  .3*,  and  no  living  organisms  were  found 
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beyond  5%  of  the  salt. 

Preservative  -  Sodlutn  P:^zoate,  '?.">;'■  solution. 
Organism  -  Sace.  cerivlsiae. 


Concentration.  Gas  Formation  Living  Organisms. 
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Preservative  -  Sodlura  Benzoate,  3*3;:  solution. 
Organism  -  P.  glaucura. 
Concentration.  Visible  Growth  Living  Organisms. 
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Dextrose  broth  preserved  with  sodium  benzoate,  and  inoculated 
with  Sacc.  cerivisiae  showed  no  gas  formation  beyond  ,5% 
concentration  of  the  salt,  and  no  living  organisms  were  found 
above  3$.     A  5$  solution  of  the  sodium  benzoate  was  sufficient 
to  kill  tne  P.  glaucuin. 

It  was  thought  that  only  a  small  part,  of  the  benzoic  acid 
is  utilized  as  a  disinf ectant ,  as  the  greater  part  is  bound  by 
the  protein  of  the  media;  and  that  if  a  stronger  acid  is  used 
to  satisfy  this  acid  binding  power  of  the  protein,  the  disinfect- 
ing concentration  of  the  benzoic  acid  is  lessened!  The 
disinfecting  power  seems  to  be  due  wholly  to  free  benzoic  acid, 
even  when  added  in  the  form  af  a  salt,  although  the  action  is 

(1)  Chem.  Abs.   19 16,  vol.   10.     The  Preserving  Action  of 
Benzoic  Acid.  Dirk  Held  -  Arch.  Hyg.  84,289-36  (1915) 


t 
t 


17. 

not  due  to  mere  acidity;  i.  e.  the  concentration  of  the  hydrogen 
ion* 

Preservative  -  Sodium  Sulphite2 -  25%  of  Na2S0^ 
Organism  -  Sacc.  cerivisiae. 
Tubes  containing  from  \%  to  12$  sodium  sulphite  were 
inoculated  with  Sacc.  cerivisiae;  no  gas  formation  was  found 
except  in  the  checks;  living  organisms  were  found  in  every  case. 
Concentration  Gas  Formation         Living  Organisms 


0 

+■ 

+ 

0 

t 

+ 

.  1 

+ 

.  1 

+ 

+ 

.2 

+ 

.2 

+ 

+ 

.3 

+■ 

.3 

+ 

A 

+ 

+ 

A 

+ 

.5 

+ 

.5 

+ 

.6 

+ 

+ 

.6 

.7 

4- 

.7 

+ 

(1)  Marshall's  Microbiology,  Pg.  408. 

(2)  Percentage  purity  of  sodium  sulphite  and  acid  sulphite 
was  determined  according  to  the  method  given  in  Treadwell- Hall  - 
Analytical  Chemistry,  Vol.  2,  Pg.  692. 
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.8 

-  + 

.8 

-  + 

.9 

-  + 

.9 

+ 

1  .0 

-  -t- 

1  .0 

—  + 

Tubes 

containing 

.  O/o 

sodium  sulphite  showed  gas  formation, 

and  living, 

organisms 

were 

found  in  \2$>,     Determinations  were 

not  carried 

beyond  that  point. 

Tubes 

containing 

sodium  sulphite  from  \%  to  12^  showed  a 

visible  growth  of  P. 

glaucum;  no  higher  concentrations  were  used. 

Preservative  -  Sodium  Acid  Sulphite,  255 

Organism 

-  P .  glaucum 

Concentration 

Visible  Growth.                Living  Organisms 

0 

+  4- 

0 

4  4- 

3 

-  4- 

3 

-  4- 

4 

-  # 

4 

-  4 

5 

-  •¥ 

5 

6 

—  4 

6 

—  4- 

7 

7 
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0  + 

0  +  + 

.25  -  + 

.25  -  + 

.5  -  + 

.5  -  + 

1  -  + 

1  -  + 

2  + 
2-4- 

3  -  + 
3  -  + 


Preservative  -  Sodium  Sulphite,  25/=. 
Organism  -  Sacc.  cerivisiae. 
Concentration  Gas  Formation  Living  Organisms 


0 

+ 

+ 

0 

+ 

+ 

8 

+ 

8 

■+- 

9 

9 

+ 

10 

10 

4- 

1 1 

11 

12 

12 

20. 


0  -f  + 

0  +  + 

.25  -                                     .  ■*■ 

.25  + 

.5  + 

.5  -  + 

1  -  + 

1  -  + 

2  + 

2  + 

3  + 

3  + 

4  + 

4  + 

5  + 

5  + 

6  + 

6  -  + 

7  * 
7  + 


In  the  broth  tubes  preserved  with  sodium  acid  sulphite  no 
visible  growth  was  found  even  in  a  concentration  of  .25^ 
although  living  organisms  existed  as  high  as  6%.     No  gas 
formation  was  found  except  in  the  case  of  the  check  tubes,  living 
organisms,  Sacc.  cerivisiae,  were  found  through  10;'. 
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Preservative  -  Formaldehyde*. 
Organism  -  Sacc.  cerivisiae. 
Concentration  in  ;>       Gas  Formation         Living  Organisms. 
0  +  + 

0  +  •¥ 

5 

5  ~  - 

6 

6 

7  - 

7 
8 

8 
9 
9 
10 

10  - 

Heavy  precipitate  with  35  formaldehyde. 
0  +  + 

0  +  + 

.25 
.  .25 

.5  -  •  - 

.5 

( 1 )     Concentration  of  formaldehyde  determined  by  oxidation 
with  Iodine  in  alkaline  solution  as  outlined  in  Sherman's 
Organic  Analysis,  Pg.  40. 
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2 
2 
3 
3 
4 
\ 


Preservative  -  Formaldehyde. 
Organism  -  P.  glaucum. 
Concentration  in  %      Visible  Growth  Living  Organisms 

0  +  + 

0  +  + 

1  - 
1 

2 

2  - 

3 
3 
4 
4 
5 
5 
6 
6 
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Preservative  -  Formaldehyde. 
Organism  -  P.  glaucum 
Concentration  in  %       Visible  Growth  Living  Organisms 

0  +  + 

0  +  + 

.2  + 
.2 

.4  + 

.4 

.6 

.6 

.8 

.8 
1.0 
1.0 

In  broth  tubes  preserved  with  formaldehyde  and  inoculated 
with  Sacc.  cerivisiae  no  gas  was  formed  and  no  living  organisms 
were  found  with  a  concentration  as  low  as  ,V5%,     In  the  tubes 
inoculated  with  P.  glaucum  no  visible  growth  was  found  although 
living  organisms  were  found  to  persist  through  A% 
Conclusion. 

Under  conditions  of  temperature  at  which  food  stuffs  are 
kept  the  greater  part  of  the  time  (room  temperature)  and  under 
other  conditions  most  favorable  to  the  growth  of  the  organisms, 
use  of  the  media  best  fitted  for  the  organism  in  question, 
sterilization  of  the  media  and  inoculation  with  a  pure  culture 
of  the  organism,  we  obtained  the  following  results: 
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Preservative 
Alcohol  -  no  cap 
Alcohol  -  with  cap 
Sodium  Salicylate 
Sodium  Benzoate 
NapSO-j 
NaHSO-j 

Formaldehyde 


Sacc.  cerivisiae 

Gas  Formation 
16% 
1  \% 

\% 

.6% 

None  in  .25% 
None  in  .25% 


Living  Organisms 
20% 
\5% 

9% 
3% 

12  not  sufficient 
\0% 

None  in  .25% 


Preservative 
Alcohol  -  no  cap 
Alcohol  -  with  cap 
Sodium  Salicylate 
Sodium  Benzoate 
Na2SO^ 
NaHSO^ 

Formaldehyde 


P.  glaucum. 

Visible  Growth       Living  Organisms 
Q%  \7% 
Q%  \4% 

3%  5% 

5% 

\2%  not  sufficient  \2%  not  sufficient 
None  in  .25%  6% 
None  in  .2  %  A% 
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